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Abstract 

Two sites in the Villány Hills, Hungary, have yielded rich fish assemblages from 

Middle to Late Triassic shallow marine deposits. The collected material comes from the 

Ladinian Templomhegy Dolomite Member and from the Carnian Mészhegy Sandstone 

Formation. The ichthyofauna is composed of both chondrichthyans (Hybodontidae indet., 

Palaeobates angustissimus, ‘Polyacrodus’ sp., ?Lissodus sp.) and osteichthyans (Gyrolepis 

sp., Birgeria sp., and further indeterminate actinopterygians). Despite the large sample size, 

no remains of neoselachians have been found. The Ladinian Templomhegy Dolomite is 

dominated by durophagous hybodontiforms (Palaeobates angustissimus, ?Lissodus sp.), but 

the piscivorous hybodontid and the generalist ‘Polyacrodus’ sp. are missing, while in the fish 

fauna collected from the Carnian Mészhegy Formation indeterminate piscivorous hybodontids 

are the most common elements and durophagous forms are much less abundant. The 

dominance of piscivorous hybodontids in the Carnian Mészhegy Sandstone could be related 

to the global decrease of diversity of marine fish-eating reptiles (e.g., nothosaurs) or to a 

change of paleoenvironmental conditions. The present study improves our knowledge on the 

poorly known Triassic vertebrate faunas of the Tisza Mega-unit, which formed a segment of 

the passive Neotethys margin of the European Plate and shows an important example of a 

potential vertebrate faunal shift during the Middle to Late Triassic. 
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Keuper 

1. Introduction 

The current knowledge of the diversity of Mesozoic marine fishes of Hungary (i.e., 

Transdanubian Range and the Tisza Megaunit) is scarce and incomplete, although Triassic 

and Jurassic sediments exposed in the country are predominantly marine (Haas, 2001) and at 

least fish teeth are relatively abundant microfossil elements in these sediments. Ősi et al. 

(2013) reported a diverse Triassic vertebrate assemblage from the Villány Hills (Southern 

Hungary), including various fish (see below) and marine reptile (e.g., Nothosaurus, cf. 

Cyamodus) taxa, which has been collected in two localities from the Middle Triassic 

(Ladinian) Templomhegy Dolomite Mb. and from the Upper Triassic (Carnian) Mészhegy 

Sandstone Fm. However, the paleoenvironmental origin of these Triassic formations remains 

poorly known, because of the lack or poor preservation of hard-shelled invertebrate fossils. 

Since this first report (Ősi et al., 2013), an intensive screen-washing activity has been carried 

out at the Villány vertebrate locality, resulting in the discovery of thousands of isolated tooth 

remains, scales, and other skeletal remains of fishes and reptiles from both Triassic sites, 

which provide useful information on the paleoenvironment of these bone-bearing successions. 

The present study focuses on the fish remains unearthed from the Ladinian 

Templomhegy Dolomite Mb. of the Csukma Dolomite Fm., and the overlying Carnian 

Mészhegy Sandstone Fm., characterized by different depositional environments. Here we give 

a systematic description of these fish remains, and the ichthyofaunal composition of the two 

formations is compared to each other, and also to other Middle and Late Triassic fish faunas 

around Europe. The possible paleoecological consequenses of the identified fish fauna is also 

discussed. 

2. Locality and geological background 

2.1. Regional palaeogeography and geological setting 

The studied area is situated in the Southern Pannonian Basin of Hungary, 200-300 m 

northwest of the village of Villány (Villány Hills, Southern Hungary; Fig. 1(A)). The Lower 

Triassic section of the Villány-Bihor Unit is predominantly characterized by clastic 

sedimentation (Alpine Buntsandstein facies), which is gradually substituted by carbonatic 

Middle Triassic deposits (Muschelkalk facies). Both deposits show a close genetic 

relationship with the Germanic-type Triassic sediments (Török, 1997). In contrast to the 

Lower and Middle Triassic sequences, the thin, coastal-continental Upper Triassic succession 

of this unit shows close affinities to the Carpatian Keuper facies of the European shelf of the 

Tethys (Bleahu et al., 1994). 
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The Triassic sedimentary sequence of Southern Hungary was deposited in a 

homoclinal carbonate ramp, which succeeded a clastic-covered terrain of Early Triassic 

(Buntsandstein) siliciclastic ramp phase (Török, 1997, 2000). The ramp morphology is 

characterized by a relatively uniform subsidence rate of the passive continental margin and by 

a high production of carbonate mud and lack of reef biota (Török, 1998). Geotectonic setting 

and related slow subsidence suggest that eustatic sea-level changes were one of the major 

controls over sediment deposition on this ramp (Török, 2000), resulting in three Middle 

Triassic deepening-upward and shallowing-upward cycles in Villány Hills (Götz and Török, 

2008). The first cycle corresponds to the ramp initialisation and the onset of carbonate 

sedimentation in southern Hungary (Hetvehely Anhydrite Fm. and Rókahegy Dolomite Fm.), 

coinciding with the early Anisian global sea-level rise (Götz et al., 2003; Götz and Török, 

2008), while the second depositional cycle is detectable from the middle to the late Anisian 

carbonates (Zuhánya Fm.), showing striking similarities with the first Muschelkalk cycle of 

the Central European Basin (Török, 2000; Götz and Török, 2008). The third cycle (including 

the latest Anisian to early Ladinian sediments) is poorly documented in the Muschelkalk of 

the Villány Hills, but the Ladinian Csukma Dolomite Fm. could correspond to the general 

shallowing of the basin (Haas, 2001). 

The Csukma Dolomite Fm. consists of grey, thick bedded, sometimes laminated 

dolomicrites, sucrosic dolomites with rare relicts of ooids as well as micro-tepee and fenestral 

structures (Török, 2000), indicating that the depositional environment of these sediments was 

the subtidal to peritidal zone of the inner ramp environment (Rálisch-Felgenhauer and Török, 

1993; Török, 2000). The uppermost part of the Csukma Dolomite Fm. is made up by the 

alternation of yellowish grey dolomite and marl layers representing the Templomhegy 

Dolomite Mb. of this formation (Fig. 1(B)). Based on the preliminary paleogeographical, 

stratigraphical and paleontological investigations, the sediments of the Templomhegy Mb. of 

the Csukma Dolomite Fm. were deposited in a flat tidal shelf or shelf-lagoon environment 

which most probably connected with the open marine province (Török, 1998, 2000; Haas, 

2001; Bérczi-Makk et al., 2004; Ősi et al., 2013; Botfalvai et al., 2019). The Templomhegy 

Dolomite Mb. represents the most important part of the Ladinian succession in the Villány 

Hills, because it yielded a relatively diverse material of marine reptile and fish (Ősi et al., 

2013). 

The Templomhegy Mb. is covered by the Carnian Mészhegy Sandstone Fm. 

composed of variegated conglomerate, sandstone, pelite and dolomitic limestone (Vörös, 

2009, 2010; Pozsgai et al., 2017; Fig. 1(B)). This thin, siliciclastic unit also contains 
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vertebrate remains (mostly microvertebrate remains, see below), while marine invertebrate 

fossils are completely absent from these layers. 

The Upper Triassic siliciclastic layers are covered by the shallow marine 

Pliensbachian Somssichhegy Limestone Fm., with a rich invertebrate assemblage indicating a 

clearly marine depositional environment (Vörös, 2009). 

The Villány Hills belong to the Villány-Bihor Unit of Tisza Mega-unit, which was 

situated on the passive margin of the European Plate southwards to the Bohemian Massif 

during the Triassic period (Haas and Péró, 2004; Pozsgai et al., 2017; Fig 1(C)). The Triassic 

vertebrate sites of the Villány Hills investigated in the present paper are exposed in two 

different sections (see below), but both of them represent the uppermost part of the 

Muschelkalk carbonate ramp and a short interval of Keuper typical of the Villány Hills 

(Vörös, 2009; Ősi et al., 2013). 

2.2. Vertebrate sites of Villány Hills 

The two studied, fossil-bearing sites are exposed in two sections: (i) the Ladinian 

Construction site on the Somssich Hill, and (ii) the abandoned Carnian Road-cut site on 

Templom Hill, where productive and continuous excavations have been carried out between 

2012 and 2018. Fieldworks resulted in a diverse assemblage of marine animals including 

isolated cranial and postcranial remains of Sauropterygia (e.g., Nothosaurus, cf. Cyamodus), 

few vertebrae of Tanystropheus, and several bony fish teeth (Ősi et al. 2013; 2018; Segesdi et 

al. 2017). we provide below a brief overview on the sedimentary section of these vertebrate 

sites based on available sedimentary data and field observations (see Botfalvai et al., 2019 for 

detailed sedimentary descriptions and the interpretation of the depositional environments). 

2.2.1. Construction site 

The excavated fossiliferous section is made up of an alternation of grey dolomite and 

yellowish dolomarl layers of the Templomhegy Dolomite Mb. of the Csukma Dolomite Fm. 

(Fig. 2). Its stratigraphic position (situated between the late Anisian Zuhánya Limestone Fm. 

and the Carnian Mészhegy Sandstone Fm.) and the abundant occurrence of Nothosaurus sp. 

in various bone-yielding horizons indicate a Middle Triassic, most probably Ladinian age 

(Török, 1998, 2000; Ősi et al. 2013). Three lithofacies were recognized using a classification 

based on color, grain size, bedding, paleontological content and sedimentary structures. 

The most dominant lithofacies of the bonebeds is composed of yellowish to grey 

dolomarl with pale reddish colored mottles. The thickness can vary from 10 to 50 cm. The 

clay content and the degree of cementation vary considerably among the variegated 

calcareous marl layers. The vertebrate fossils are more common in those horizons of 
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dolomarl, which are characterized by a high clay content. The vertebrate fossils are 

predominantly isolated, but one associated partial skeleton of a small-sized eosauropterygian 

was also recovered from bed 14 of the bone-bearing section (Segesdi et al., 2017). Bed 14 is 

the most important horizon in terms of chondrichtyan and osteichthyan fish remains of the 

Construction site (Fig. 2), providing more than six hundred fish tooth remains from the 

enclosing sediment of the eosauropterygian partial skeletons (Table S1; Appendix A). The 

dolomitization, mud dominated lithologies and lack of grainstone textures suggest that this 

sediment was deposited in a low energy, restricted shallow marine environment (Botfalvai et 

al., 2019). 

The second lithofacies is a greyish-white, hardly cemented dolomite, being less 

common in the bonebed section of the Construction site. The thickness of dolomite beds 

varies from 10 to 30 cm and occur within the succession of dolomitic marl. This lithofacies 

also contains teeth and bones of sauropterygians (Ősi et al., 2013), but fish teeth cannot be 

detected from them, because the sediment was strongly cemented and screen-washing was 

impossible to conduct during the fieldwork. The dolomitic fabric suggests a limemud 

precursor sediment indicating that this lithofacies can be interpreted as a carbonate mud 

deposited in a low-energy, shallow, restricted lagoonal environment (Botfalvai et al., 2019). 

The third lithofacies, represented by only one horizon of red mudstone with purple to 

green-colored mottles is present in the observed section. Its reddish color, mineral content and 

diverse macrofeatures including root traces and mottles indicate that this claystone was better 

drained than the above mentioned lithofacies and can be interpreted as a calcic paleosol 

(Pozsgai et al., 2017). The thickness of this thin red mudstone layer does not exceed 10 cm 

and vertebrate fossils are completely missing from this horizon. 

Only a few poorly preserved casts of hard-shelled invertebrate fossils are known from 

the bonebeds of the Templomhegy Mb., which currently cannot be used for more detailed 

paleoenvironmental reconstruction (the carbonate shelled fossils probably were destroyed due 

to dolomitization). However, results of earlier sedimentological works (Török, 1998, 2000; 

Haas, 2001; Bérczi-Makk et al., 2004) as well as the newly discovered vertebrate remains 

including well-preserved and unreworked sauropterygian remains (Ősi et al., 2013; and see 

below) suggest that the depositional environment was a tidal flat shelf or a lagoon 

environment, connected with the open marine province (Török, 1998; Bérczi-Makk et al., 

2004; Ősi et al., 2013). 

2.2.2. Road-cut site (“Siklóbevágás”) 
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The Road-cut site (“Siklóbevágás” in Hungarian) is a nearly 30 m-long and 3–5 m-

high section, where three different formations are exposed (Fig. 3). The first formation is 

situated in the northern half of the Road-cut site (ca. 10 m-long section) and represents the 

uppermost part of the Templomhegy Dolomite Mb. of the Csukma Dolomite Fm., including 

alternating layers of dolomite and yellowish dolomarl. The water-screened residue of the 

Templomhegy Mb. at the Road-cut site was not productive for fish fossils, but a few 

sauropterygian bones were discovered from different horizons (Ősi et al., 2013). 

The amount of siliciclastic content increases upwards in the section and the 

Templomhegy Mb. is overlain by an almost 15 m-thick sequence of the Mészhegy Sandstone 

Fm. (Vörös, 2010; Fig. 3). This part of the section consists of cycles of weakly cemented, 

greyish, yellowish, purplish or greenish sandstone, siltstone and reddish, purplish or 

variegated clay strata, with subordinate amounts of greyish dolomite and yellowish dolomarl 

(Pozsgai et al., 2017). The palynological investigations indicate a Carnian age for the 

formation and its observed phytoclast assemblage suggests that the sediments were deposited 

in a nearshore depositional environment characterized by a high input of land-derived organic 

matter (Ősi et al. 2013). Different layers of the Mészhegy Sandstone Fm. were sampled for 

screen-washing, but only three brownish-greyish sandstone beds (L3, L4, L5) were productive 

for fish remains (Fig. 3), which are investigated in this paper. Screen-washing of these three 

brownish-greyish sandstone beds of the Road-cut site has provided a relatively rich and 

diverse assemblage of marine fishes (see below), that might serve as a good indicator of the 

depositional environment, suggesting a marine rather than a fluviolacustrine origin for this 

bone-bearing succession. The richest fish material was recovered from the uppermost 

sandstone bed (L5 in Fig. 3(B)), which provided almost three hundred teeth from different 

fish taxa (Table S1; Appendix A). The Triassic sequences of the Road-cut site on Templom 

Hill are covered by the Pliensbachian (Early Jurassic) Sommssichhegy Limestone Fm. (Fig. 

3). 

Sedimentological and petrographical examinations of the Carnian sandstones exposed 

at the Road-cut section have been already conducted by several authors (Rálisch-Felgenhauer, 

1985; Vörös, 2009, 2010; Pozsgai et al., 2017). However, the depositional environment of this 

succession has been interpreted in different ways such as shallow marine or littoral (Rálisch-

Felgenhauer, 1981; Török, 1998) or as fluviolacustrine (Vörös, 2010). The depositional 

environment was difficult to define, because these authors actually did not find any fossils 

useful for more detailed paleoenvironmental reconstruction. 

3. Material and methods 
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The present study focuses on the chondrichthyan and osteichthyan remains unearthed 

from the Middle Triassic (Ladinian) Templomhegy Dolomite Mb. and the Upper Triassic 

(Carnian) Mészhegy Sandstone Fm. The uppermost member of the sequence is the Lower 

Jurassic (Pliensbachian) Somssichhegy Limestone Fm. (Fig. 3), which also yielded a large 

number of vertebrate remains. Because these are reworked Triassic elements (Ősi et al., 

2013), we have decided to exclude them from our study. 

All of the described fish remains were unearthed during excavations carried out 

between 2013 and 2018; the collected material is housed in the vertebrate paleontological 

collection of the Department of Paleontology and Geology of the Hungarian Natural History 

Museum (Budapest; abbrev.: NHMUS). 

In the first round of screen-washing, we sampled a total of 25 kg of bulk rock from 

several layers of the Templomhegy Dolomite Mb. at the Construction site, but only four 

layers (beds 14, 18, 20, 22; Fig. 2(A)) were productive for fish fossils. Among them, bed 14 

was the most productive, thus in the summer of 2018, ca. 250 kg of additional samples have 

been screen-washed from this bed. We used tap water and 5% acetic acid during the 

procedure, which resulted in thousands of fish microremains. 

Three beds (L3, L4, L5; Fig. 3) of the Mészhegy Sandstone Fm. exposed in the Road-

cut site were productive for microvertebrate remains, among which layer L5 was the most 

productive for microvertebrate remains. 

Specimens were gold-coated and photographed under a Hitachi S-2600N scanning 

electron microscope. The observed Villány material is highly fragmented, mostly due to the 

screen-washing procedure. Therefore, we tentatively interpreted the number of referable 

remains per taxa as the number of identified specimens (maximum number of individual; 

NISP), following the methods mentioned by Lyman (2008) and Cannon (2013). The number 

of identified specimens is the most popular and simplest measure of taxonomic abundances 

and therefore it is commonly used by palaeontologists. The NISP value includes the number 

of tooth remains, which were identified taxonomically at least at the family level in the 

Villány vertebrate assemblages. 

Classification of chondrichthyans follows Cappetta (2012), while that of osteichthyans 

mainly follows Böttcher (2015). Chondrichthyan tooth terminology mainly follows Cappetta 

(2012), while tooth and scale terminology for osteichthyans follows Allard et al. (2015), 

Delsate and Duffin (1999), Lakin et al. (2016), Landon et al. (2017), and Romano et al. 

(2017). Mesial, distal, labial and lingual sides were distinguished by general morphological 

features (e.g., the inclination of the cusps). 
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4. Systematic paleontology 

Class Chondrichthyes Huxley, 1880 

Cohort Euselachii Hay, 1902 

Order Hybodontiformes Maisey, 1975 

Family Hybodontidae Owen, 1846 

Hybodontidae indet. 

Fig. 4(A-F) 

Referred material: 194 isolated cusps (NHMUS VER 2013.22.1-126., VER 2018.2305.-

2307., and VER 2018.2318.) from the Mészhegy Sandstone Fm. of the Road-cut site. 

Description: All of the referred tooth remains are isolated cusps showing convex labial and 

lingual crown faces. The cutting edges are smooth all along; the tip is blunted or pointed, 

depending on wear. The specimens referred as main cusps are slender and high, bearing 

apicobasal striation reaching the crown tip region. The labial surface is less convex and 

usually less striated than the lingual one. The main cusps are upright and lingually bent to 

weakly sigmoid on supposed anterior files, whereas they are distally inclined on inferred 

lateral files. Some cusps are conical and lower than others and are therefore considered as 

possible lateral cusplets. 

Remarks: Compared to dental remains of other Late Triassic euselachians from Europe, the 

preserved dental characteristics listed above refer these remains with close relation to 

Hybodontidae. Figured types of the hybodontid H. minor (Agassiz, 1837: pl. 23, figs. 23, 24) 

possess the strong apicobasal striation, with the weak sigmoid curvature of the main cusp, 

flanked by lateral cusplets. Although the majority of hybodontid species have been described 

from isolated teeth (Cappetta, 2012), it is not possible to determine the presently described 

teeth below family level. Here, several problems render a generic assignment for hybodontid 

sharks difficult, and include the absence of association between cusps and roots, and possible 

heterodonty. 

Family Polyacrodontidae Glikman, 1964 

Genus Palaeobates Meyer, 1849 

Palaeobates angustissimus (Agassiz, 1838) 

Fig. 4(G-R) 

Referred material: 81 teeth, incomplete teeth and tooth fragments (NHMUS 

VER 2013.23.1-46., VER 2013.42., VER 2018.2304., VER 2018.2316.) from the Mészhegy 

Sandstone Fm. at Road-cut site; 1275 teeth, incomplete teeth and tooth fragments (NHMUS 
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VER 2018.2323., VER 2018.2330., VER 2018.2334., VER 2018.2337.-2343.) from the 

Templomhegy Dolomite Mb. of the Construction site. 

Description: Most of the here-referred specimens are fragmentary and, except for a few, 

poorly preserved rootless portions. The teeth represent various stages of wear. Inferred 

anterior teeth (Fig. 4(G-L)) possess a convex crown in profile view. In profile view, the 

highest point of the crown is bulge-like (or cusp-like), and positioned near the midline of the 

mesiodistal axis. This could differ in anteriormost files, where the central bulge is weakly 

shifted mesially. In apical (or “occlusal”) view, these teeth become narrow toward their 

extremities, resulting in a lentoid shape. When unworn, the apical surface bears a mixture of 

reticulations and vertical ridges along the crown base. Inferred anterior teeth could have a 

weak transversal crest (Fig. 4(J)). Inferred lateral teeth (Fig. 4(M-P)) are mesiodistally 

elongated with rounded to weakly angled extremities. The crown surface is reticulated, with 

vertical folds at the periphery of the crown. Inferred posterior files (Fig. 4(Q, R)) possess 

teeth of simple morphology. They are roundish in occlusal view, some with weakly angled 

outline. In profile view, the crown is flat, even if unworn. The apical surface is also 

ornamented. 

Remarks: Palaeobates remains are well known from Lower to Upper Triassic deposits of 

Europe and North America (Romano and Brinkmann, 2010; Cappetta, 2012). The genus is 

mainly known from isolated teeth and fin spines, however, some skeletal remains are also 

known from Spitsbergen (Romano and Brinkmann, 2010; Cappetta, 2012). The generally 

small size of the Villány Palaeobates teeth, together with the low cusped anterior files, the 

richly and finely pitted apical (or “occlusal”) surface (especially that of teeth from lateral 

files), and the simple, roundish and low morphology of teeth from posterior files, make them 

referable to the type species P. angustissimus (Delsate and Duffin, 1999; Schultze and Kriwet, 

1999; Chrząstek, 2008; Diedrich, 2009; Dalla Vecchia and Carnevale, 2011; Cappetta, 2012; 

Pla et al., 2013; Böttcher, 2015), which was originally described by Agassiz (1834) as 

‘Strophodus angustissimus’. Teeth of Acrodus are morphologically similar, but this taxon has 

larger, more robust teeth with a higher crown in lateral view, and with different apical 

ornamentation, than teeth of Palaeobates (see figures in Cappetta, 2012 and Böttcher, 2015). 

Genus Polyacrodus Jaekel, 1889 

‘Polyacrodus’ sp. 

Fig. 5(A-F) 
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Referred material: Ten incomplete teeth (NHMUS VER 2013.24.3-6., VER 2018.2310., 

VER 2018.2311., VER 2018.2321., VER 2018.2322.) from the Mészhegy Sandstone Fm. of 

Road-cut site. 

Description: All ‘Polyacrodus’ tooth remains from Villány Hills are rootless, fragmentary 

crowns consisting mainly of the principal cusp. A distinctive transversal crest extends along 

the apical tooth surface mesiodistally, from which several smaller, weakly arched crests run to 

the edge of the tooth. A well-defined apron is present on the labial base of the principal cusp 

(e.g., NHMUS VER 2018.2322., Fig. 5(E)). 

Remarks: The validity of the genus Polyacrodus is a complex subject as well as its 

differentiation from other members of the family Hybodontidae (Dorka, 2003; Rees, 2008; 

Cappetta, 2012; Koot et al., 2013). Compared to the Villány hybdodontid teeth, ‘Polyacrodus’ 

tooth remains have a lower and more robust main cusp, without distinct cutting edges, but 

with an ornamentation of massive ridges far less in number, and with a distinct labial apron. 

According to these characters, we provisionally refer these teeth to Polyacrodus (Dorka, 

2003; Cappetta, 2012). 

The type species of the genus is P. polycyphus (originally described from the 

Muschelkalk of Lunéville, France as Hybodus polycyphus by Agassiz (1837)). Teeth of this 

species possess a massive, but low and pyramidal main cusp with a distinct labial apron. 

However, teeth of P. polycyphus are larger, with a more complex crown ornamentation, than 

the Villány specimens (see Agassiz, 1837; Dorka, 2003; Böttcher, 2015). 

The dentition of the genus is typically heterodont. Complete teeth are massive and 

mesiodistally expanded with a high, lingually displaced root. The crown typically has a large 

principal (or central) cusp, laterally the heels could bear up to four lateral cusplets (Cappetta, 

1987, 2012). The Villány teeth are poorly preserved (rootless and fragmentary) and low in 

number, therefore, due to the problematic synonymy of the genus, we refer our material to as 

‘Polyacrodus’ sp. until more complete material helps to clarify its taxonomic position. 

Polyacrodus remains are known from around Europe, Russia and Greenland, ranging from the 

Lower Triassic to the Upper Cretaceous (Cappetta, 2012). 

Family Lonchidiidae Herman, 1977 

Genus Lissodus Brough, 1935 

?Lissodus sp. 

Fig. 5(G-L) 
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Referred material: 56 incomplete teeth (NHMUS VER 2018.2326., VER 2018.2344.-2347.) 

from the Templomhegy Dolomite Mb. of Construction site; 13 incomplete teeth (NHMUS 

VER 2013.21.1-12., VER 2018.2320.) from the Mészhegy Sandstone Fm. of Road-cut site. 

Description: All Villány ?Lissodus teeth are rootless and show various stages of wear. 

Inferred anterior and lateral teeth are generally long, but low crowned. They are characterised 

by a strong, well-developed, sharp transversal crest. The teeth are narrowing to their mesial 

and distal extremities, resulting in a triangular to lentoid shape in apical view. If unworn, the 

apical surface is ornamented with a few fine ridges extending from the lower third of the 

crown height to the transversal crest (with some ridges reaching the crest). A pronounced 

labial protuberance (or labial peg) is present, which is positioned at the basal midline of the 

teeth. Inferred distal teeth (Fig. 5(K, L)) are flattened, bearing an occlusal crest, with no 

distinctive surface sculpting. 

Remarks: Based on the small, mesiodistally expanded, low crowned, lentoid to triangular 

teeth with folded surface and a labial protuberance, here we tentatively assign these remains 

to Lissodus (Rees and Underwood, 2002; Cappetta, 2012). Due to the problematic taxonomy, 

complex synonymy of the genus (e.g., Rees and Underwood, 2002; Rees, 2008; Cappetta, 

2012; Koot et al., 2013) and the low number and poor preservation of the here-referred 

Villány material, more specific determination is currently not possible. 

Lissodus is known by more or less complete skeletons and by isolated teeth. The genus 

ranges from the Lower Triassic to the Upper Cretaceous of Europe, North America and South 

Africa (Cappetta, 2012). 

Class Osteichthyes Huxley, 1880 

Subclass Actinopterygii Klein, 1885 

Order Palaeonisciformes Hay, 1902 

Family Palaeoniscidae Vogt, 1851 

Genus Gyrolepis Agassiz, 1833 

Gyrolepis sp. 

Fig. 6(A-H) 

Referred material: 13 teeth (NHMUS VER 2018.2328., VER 2018.2348., VER 2018.2349.) 

and 167 scales (NHMUS VER 2018.2327., VER 2018.2350.-2354.) from the Templomhegy 

Dolomite Mb. of Construction site; 7 scales (NHMUS VER 2013.24.1., VER 2013.24.2., 

VER 2018.2308., VER 2018.2317.) from the Mészhegy Sandstone Fm. of the Road-cut 

section. 
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Description: These teeth (Fig. 6(A-C)) are slender, apically tapering and pointed with a 

gentle curvature. The teeth show a near circular cross-section, with basally increasing 

diameter. The tooth-base bears faint apicobasal ridges. The microsurface of the base bears a 

fusiform ornamentation made up by vertical, lentoid units covering the entire tooth base, but 

not the cap (Fig. 6(C)). 

The referred scales are flat and rhomboid in shape (Fig. 6(D-H)). They have a 

relatively thick, bony base, bearing laterally a shiny layer of ganoine. The ganoine cover 

displays a pattern made up of straight to slightly sinuous enamel ridges running in the inferred 

antero-posterior direction. The surface of the ganoine possesses well-preserved ganoine 

tubercles (Fig. 6(E)). Due to the general preservation of the scales, no traces of peg-and-

socket articulation is visible. 

Remarks: Minute, slender, gently curved, long and tapering teeth with a shiny, translucent 

cap and finely ridged base are characteristic of Gyrolepis (see Gyrolepis albertii in Delsate 

and Duffin, 1999; Allard et al., 2015; Korneisel et al., 2015; Lakin et al., 2016; Landon et al., 

2017) as well as the fusiform ornamentation of Gyrolepis teeth has been noted by several 

authors (Delsate and Duffin, 1999; Duffin, 1999). Scales with a rhomboid outline, thick bony 

base and ridged ganoin are widely refferred to Gyrolepis (Böttcher, 2015; Lakin et al., 2016). 

Following parsimony, we attribute the Villány scales to Gyrolepis sp., until further remains 

lead us to reassess our conclusion. 

The genus Gyrolepis is widely represented in the Triassic sediments of Europe by 

isolated scales and teeth (Korneisel et al., 2015; Lakin et al., 2016), and even by associated 

skeletal remains (Schultze and Kriwet, 1999; Böttcher, 2015). 

Order Birgeriiformes Heyler, 1969 

Family Birgeriidae Aldinger, 1937 

Genus Birgeria Stensiö, 1919 

Birgeria sp. 

Fig. 7 

Referred material: 29 teeth (NHMUS VER 2018.2329., VER 2018.2355.-2357.) from the 

Templomhegy Dolomite Mb. of Construction site; 16 teeth (NHMUS VER 2013.29.1-14., 

VER 2018.2312.) from the Mészhegy Sandstone Fm. of Road-cut site. 

Description: The here-referred teeth preserve a relatively high root and an acrodin cap. The 

teeth have a circular base in cross-section, and an overall conical to blade-shaped cap. Fine, 

longitudinal striae, running apicobasally, are present on the tooth base. The enamel cap is 

weakly flattened (presumably in labiolingual direction), shiny and slightly translucent with 
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fine vertical ridges, which do not reach the very tip. Both anterior and posterior cutting edges 

are present on the tooth cap. A strong neck is present, separating the two parts of the tooth. 

Two size groups are separable, representing the two tooth row types: the lingual tooth 

row is represented by larger, robust teeth (represented by a single tooth, NHMUS 

VER 2018.2356.), while teeth in the labial row are smaller and minute (represented by all 

other Villány Birgeria tooth remains). 

Remarks: Conical teeth with ridged base and striated enamel cap are characteristic for this 

Triassic predatory fish genus (see Birgeria acuminata in Savage and Large, 1966; B. 

americana in Romano et al., 2017; and B. mougeoti in Böttcher, 2015), which is widely 

known by articulated skeletons. Following the low number of the isolated Villány material, 

here we refer these specimens as Birgeria sp. 

Aldinger (1937) erected the family Birgeriidae without a diagnosis. Later on, Nielsen 

(1949) provided an extensive diagnosis. Birgeria is known from Triassic marine deposits 

worldwide (Romano and Brinkmann, 2009). 

Actinopterygii indet. 

Fig. 8 

Referred material: 18 teeth (NHMUS VER 2018.2324., VER 2018.2331., VER 2018.2332., 

VER 2018.2335., VER 2018.2358., VER 2018.2359.) and 282 scales (NHMUS 

VER 2018.2325., VER 2018.2333., VER 2018.2336., VER 2018.2360.-2362.) from the 

Templomhegy Dolomite Mb. of Construction site; 14 teeth (NHMUS VER 2013.25.1-10., 

VER 2013.26., VER 2018.2313.-2315.) and 2 scales (NHMUS VER 2018.2309., 

VER 2018.2319.) from the Mészhegy Sandstone Fm. of Road-cut section. 

Description: The here referred Villány fish teeth represent two morphotypes: 

 Morphotype 1 (Fig. 8(A-F)) is circular in occlusal view, and conical to hemispherical in 

profile view (depending on functional wear). The acrodin surface is shiny and smooth. If 

unworn, the tooth bears a central papilla in the middle of the apical surface; 

 Morphotype 2 (Fig. 8(G, H)) is apicobasally high, with a rounded tip, and flattened 

labiolingually. This morphotype is represented by only one tooth, found in Layer 14 of 

the Templomhegy Dolomite Mb. 

A high number of ganoid scales have been sampled from the residues (Fig. 8(I, J)). 

The most complete specimens have a rhomboidal outline in lateral view. They all bear a shiny 

layer of ganoine, different from those of Gyrolepis scales (see above) in being simple and 

continous. Due to their poor preservation, a peg-and-socket articulation cannot be observed. 
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Remarks: Triassic fish teeth with a general morphology similar to that of the Villány 

indeterminate actinopterygian teeth of morphotype 1 have been referred to as “?Paralepidotus 

or ?Heterolepidotus” by Godefroit et al. (1998) and “?Sphaerodus” by Dalla Vecchia and 

Carnevale (2011). The Villány teeth are also similar to the wart-like crushing teeth of 

Colobodus Agassiz, 1844, despite their missing striation (Sun et al., 2008; Diedrich, 2009; 

Böttcher, 2015; Nordén et al., 2015). Isolated teeth of Bobasatrania White, 1932 are also 

similar to morphotype 1 in their generally simple morphology (Böttcher, 2014, 2015). Teeth 

of the various semionotiform and dapediiform genera also resemble morphotype 1 in being 

hemisphaerical with a central papilla (Chalupová, 2009; Bermúdez-Rochas and Poyato-Ariza, 

2015; Korneisel et al., 2015; Nordén et al., 2015; Mears et al., 2016; Landon et al., 2017). 

Morphotype 2 is similar to Triassic fish teeth referred to as ?Felberia sp. by Böttcher 

(2015: fig. 8.22) in being high and having a smooth, unornamented crown with a rounded, 

labiolingually flattened tip. Attributing the Villány indeterminate actinopterygian teeth to any 

of the aforementioned fish taxa requires further skeletal elements (e.g., skull remains), 

therefore the here-referred teeth are described as Actinopterygii indet. until more complete 

material may allow for a more precise determination. 

Various Triassic actinopterygians are characterized by simple ganoid scales (e.g., 

certain dapediiform and semionotiform taxa). This suggests the presence of further 

actinopterygian taxa in the Villány ichthyofauna. Here we describe these scale remains as 

ganoid scales of indeterminate actinopterygians, until further remains help us to a more 

accurate description. Since they are all isolated elements, it cannot be decided whether the 

Villány indeterminate actinopterygian dental and non-dental elements belong to the same 

species or not. 

5. Discussion 

5.1. Feeding habits and habitat preferences of the Villány fish 

Altogether four chondrichthyan (Hybodontidae indet., Palaeobates angustissimus, 

‘Polyacrodus’ sp., ?Lissodus sp.) and at least three osteichthyan taxa (Gyrolepis sp., Birgeria 

sp., Actinopterygii indet.) have been identified in the two fossil-bearing formations of the 

Triassic Villány Hills vertebrate sites. All of them are predatory animals with various feeding 

strategies. 

There are two primary dentition types recognized in Hybodontidae: clutching-type and 

tearing-type, suggesting various diets. The high number of isolated, well-developed lateral 

cusplets suggests that the Villány Hybodontidae indet. represents a piscivorous feeder with 

teeth adapted for catching fast prey, such as various cephalopods and smaller fish (Dica and 
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Codrea, 2006). The dentition of Palaeobates is composed of specialized, slender and 

generally flat-crowned teeth, suggesting that it fed on a wide variety of hard-shelled prey 

(Romano and Brinkmann, 2010). Polyacrodus has low crowned, mesiodistally elongated teeth 

with well-expressed principal and laterals cusps, and an occlusal surface ornamented with 

numerous crests. This made Polyacrodus a generalist predator, capable of feeding both on 

fish and shelled prey (Blanger, 2005). The general crushing-type dentition of Lissodus refers 

to hard-shelled, benthic prey (Korneisel et al., 2015); however, according to Cuny and Benton 

(1999), dental characteristics of Lissodus indicate a more opportunistic feeding behaviour 

than the specialized grinding dentition of Palaeobates. The elongate, piercing-type teeth of 

Gyrolepis imply that these fishes were predators, most probably feeding on smaller fish and 

invertebrates (Korneisel et al., 2015; Mears et al., 2016). Members of Birgeria were large 

predatory fishes with large pointed teeth and massive jaws (Romano et al., 2017; Ni et al., in 

press). The small-sized bony fishes (represented by a large number of scales and teeth, as 

Actinopterygii indet.) could have provided a food source for piscivorous and generalist forms 

too. 

Because the Villány hybodontid taxon is not referable at the genus or species level, it 

is insignificant for a more precise paleoenvironmental reconstruction of the Mészhegy 

Sandstone Fm. in the Road-cut site. However, the genus Hybodus, most similar to the Villány 

hybodontid, is mainly marine, but there are some reports of Hybodus from brackish and 

freshwater environments from Europe, Asia, Africa and North America (Dica and Codrea, 

2006; Klug et al., 2010; Cuny, 2012). Except for the brackish lower Keuper (Hagdorn and 

Mutter, 2011; Böttcher, 2015) and the layers of Schöningen, Germany, with varied salinity 

(Dorka, 2001), Palaeobates angustissimus is typically reported from marine sediments of 

Europe (Schultze and Kriwet, 1999; Diedrich, 2003, 2009; Chrząstek, 2008; Dalla Vecchia 

and Carnevale, 2011; Pla et al., 2013; Ferrón et al., 2014). Teeth referred to Polyacrodus from 

the Late Triassic of Europe have been unearthed from brackish (Dorka, 2001) to fully marine 

sediments (Diedrich, 2003, 2009), thus either the Triassic representatives of the genus were 

able to tolerate brackish ecosystems (Böttcher, 2015), or more likely Polyacrodus is 

polyphyletic (Rees, 2008). Therefore, similarly to the indeterminate Villány hybodontid, 

without specific identification, Polyacrodus is not informative for paleoenvironmental 

reconstruction. The same can be said for ?Lissodus, as remains of this genus have been found 

in freshwater and brackish deposits, but are also known from marine sediments (Brough, 

1935; Fischer and Schneider, 2008; Cappetta, 2012). This means that without specific 

determination, the Villány ?Lissodus teeth are not informative for paleoenvironmental 
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reconstrution. Gyrolepis has been found in sediments of marine coastal enviroment (Tintori et 

al., 2001); Whiteside et al. (2016: table 2) also regarded Gyrolepis as a marine fish genus. 

Following the habitat preferences of the Villány fish taxa, the general picture of the 

ichthyofauna points to a marine depositional environment for all the bone-bearing succesions 

in the two formations. Nevertheless, Hybodontidae indet., ‘Polyacrodus’ sp. and ?Lissodus 

sp. are less significant in determining the Villány paleoenvironment, because of their variable 

habitat preferences depending on species and also because of the taxonomic problems related 

to these taxa. 

5.2. Faunal composition of the Templomhegy Dolomite Member and the Mészhegy Sandstone 

Formation 

Despite the large sample size and the large number of sampled microvertebrate fossils, 

no remains of neoselachians and sarcopterygians have been found. Both taxa are reported 

elements of Middle and Late Triassic vertebrate faunas; however, neoselachians were 

reported in Europe only from the Erfurt Fm. (Ladinian) in Germany (Table S1; Appendix A). 

Their absence in the Villány fauna is worth noting and could be related to the fact that the 

Villány assemblage is rather poorly diversified. Regarding the absence of neoselachians, 

another reason is also worth of consideration. Neoselachians are attested by low-diversity 

assemblages in the Late Triassic, then they underwent a rapid diversification throughout the 

Jurassic and Cretaceous periods, up to diverse assemblages containing representatives of most 

extant clades by the end of the Cretaceous (Underwood, 2006). In this interpretation, their 

absence in the Villány fauna could reflect their under-representation in the Middle to Late 

Triassic global fossil record. 

The sedimentary sequence exposed in the two Villány Hills sites shows a major 

difference in the composition of the discovered fish faunas (Fig. 9). The Ladinian 

Templomhegy Dolomite Mb. of Construction site yielded a fish fauna dominated by 

durophagous hybodontiforms (Palaeobates and ?Lissodus; ca. 72 % of the complete 

Templomhegy Dolomite Mb. fish fauna), while no remains of piscivorous Hybodontidae and 

generalist ‘Polyacrodus’ have been found in this site. On the other hand, the Carnian 

Mészhegy Sandstone Fm. of the Road-cut site shows an ichthyofaunal composition different 

from that of the Construction site: it is dominated by fish-eating Hybodontidae indet. (> 50% 

of the Mészhegy Sandstone Fm. fish fauna). 

The variation in apparent dominance (as well as presence or lack of different taxa) do 

not seem to reflect sampling bias, because the differences can be firmly established based on 

representative sample size of screen-washed material from various bone-yielding successions. 
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The absence of piscivorous Hybodontidae and the generalist ‘Polyacrodus’ from the 

Templomhegy Dolomite Mb. is unusal, since these forms are widespread in Triassic shallow 

marine sediments across Europe (Cappetta, 2012; Böttcher, 2015). Moreover, remains of 

potential prey animals (e.g., Gyrolepis and further indeterminate actinopterygians) are 

abundant in the Templomhegy Dolomite Mb. (Fig. 9). This phenomenon might be explained 

by two different causes or the combination of these scenarios. The relatively great abundance 

of fish-eating marine reptiles, such as the heterodont nothosaurs in the Ladinian Villány 

environment, could have been an important factor in the observed faunal differences between 

the two sites (Ősi et al., 2013). These predators could have been major competitors for 

piscivorous hybodontids (Rieppel, 2002) and the generalist ‘Polyacrodus’ in exploiting 

available fish prey sources. Diversity and disparity of marine reptiles suffered a major 

decrease during the Carnian (Renesto and Dalla Vecchia, 2018) that might reflect the 

occurrence of fish-eating sharks in the Carnian Mészhegy Sandstone Fm. (Fig. 9). 

Alternatively, the change of depositional environment (from tidal flat shelf or lagoon to 

nearshore environment) could also have been a simple cause, resulting in the faunal 

differences between the two fossil-bearing sites. 

6. Conclusion 

There are two recently discovered Triassic vertebrate sites in the Villány Hills, 

southern Hungary, which were situated on the passive margin of the European Plate 

southwards to Bohemian Massif (western Tethys Ocean) during the Triassic period. Bone-

bearing beds of the Ladinian Templomhegy Dolomite Mb. and the Carnian Mészhegy 

Sandstone Fm. have resulted in (among various reptile bones and teeth) at least seven 

different chondrichthyan and osteichthyan fish taxa, including an indeterminate hybodontid, 

Palaeobates angustissimus, ‘Polyacrodus’ sp., ?Lissodus sp., Gyrolepis sp., Birgeria sp., and 

further indeterminate actinopterygians. 

The fish fauna from the Ladinian Templomhegy Dolomite Mb. is dominated by 

durophagous hybodontiforms, while no remains of piscivorous hybodontids and the generalist 

‘Polyacrodus’ have been discovered. On the other hand, fish remains of the Carnian 

Mészhegy Sandstone Fm., deposited in a shallow marine (siliciclastic) environment, show a 

markedly different faunal composition. In these layers, the dominant group was the 

indeterminate Hybodontidae, with an inferred piscivorous diet. Differences in the taxonomic 

compositions between the two successions might be related to the global decrease in diversity 

of marine fish-eating reptiles (e.g., nothosaurs) or to the change of paleoenvironmental 

conditions (from tidal flat shelf or lagoon to nearshore environment). 
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Figure captions 

Fig. 1. A. Locality map of the Villány site (modified after Botfalvai et al., 2019). B. 

Schematic stratigraphic section of the Triassic vertebrate sites in the Villány Hills. C. 

Paleogeographical map of the Tisza Megaunit in the Late Triassic (compiled by Pozsgai et al., 

2017). 

Fig. 2. A. Schematic stratigraphic section of the Construction site showing the main 

lithofacies and the positions of the productive microvertebrate samples. B. Picture of the 

bone-bearing beds of the Construction site. 

Fig. 3. A. Stratigraphic section of the Road-cut site (modified after Botfalvai et al., 2019). B. 

Picture of the Carnian fossiliferous horizons of Mészhegy Sandstone Formation showing the 

beds providing paleontological data. P, palynological sample; L3-L4-L5, vertebrate 

paleontological samples. 

Fig. 4. A-F. Hybodontidae indet., tooth remains from the Mészhegy Sandstone Formation. A-

C: main cusp (NHMUS VER 2018.2306) in lingual (A), profile (B) and lingual (C) views; D-

F: ?lateral cusplet (NHMUS VER 2018.2307) in lingual (D), profile (E) and labial (F) views. 

G-R. Palaeobates angustissimus tooth remains from the Templomhegy Dolomite Member. 

G-I: anterior tooth (NHMUS VER 2018.2341) in apical (G), ?labial (H) and distal (I) views; 

J-L: anterior tooth (NHMUS VER 2018.2340) in apical (J), ?lingual (K) and mesial (L) 

views; M, N: lateral tooth (NHMUS VER 2018.2338) in apical (M) and ?labial (N) views; O, 

P: lateral tooth (NHMUS VER 2018.2337) in apical (O) and ?lingual (P) views; Q, R: 

posterior tooth (NHMUS VER 2018.2342) in apical (Q) and profile (R) views. Scale bars: 

1 mm. 

Fig. 5. A-F. ‘Polyacrodus’ sp. teeth from the Mészhegy Sandstone Formation. A-C: tooth 

(NHMUS VER 2018.2311) in apical (A), ?labial (B) and ?lingual (C) views; D-F: tooth 

(NHMUS VER 2018.2322) in apical (D), labial (E) and lingual (F) views. G-L. ?Lissodus sp. 

teeth from the Templomhegy Dolomite Member. G, H: anterior-anteriolateral tooth 

(NHMUS VER 2018.2344) in occlusal (G) and labial (H) views; I, J: anterior-anterolateral 

tooth (NHMUS VER 2018.2345) in occlusal (I) and labial (J) views. K, L: posterior tooth 

(NHMUS VER 2018.2346) in occlusal (K) and labial (L) views. Scale bars: 500 µm. 

Fig. 6. Gyrolepis sp. remains from the Templomhegy Dolomite Member. A, B. Tooth 

(NHMUS VER 2018.2348) in two different views. C. Close-up view of the tooth surface. D. 

scale (NHMUS VER 2018.2350) in lateral view. E. Close-up view of the ganoid covering of 

D. F-H. Scales (NHMUS VER 2018.2351, NHMUS VER 2018.2352, 

NHMUS VER 2018.2353) in lateral view. Scale bars: 1 mm (A, B, D, F-H), 100 µm (C, E). 
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Fig. 7. Birgeria sp. from the Templomhegy Dolomite Member. A-D. Tooth 

(NHMUS VER 2018.2356) in labial (A), profile (B) and lingual (C) views. D: Close-up view 

of the acrodin cap surface. E, F. Tooth (NHMUS VER 2018.2355) in labial or lingual (E) and 

profile (F) views. Scale bars: 5 mm (A-C), 1 mm (E, F). 

Fig. 8. Actinoptergyii indet. elements from the two fossil-yielding formations of the Villány 

locality: Mészhegy Sandstone Formation (A-F) and Templomhegy Dolomite Member (G-J). 

A, B. Tooth morphotype 1 (NHMUS VER 2013.25.1) in occlusal (A) and profile (B) views. 

C, D. Tooth morphotype 1 (NHMUS VER 2018.2314) in occlusal (C) and profile (D) views. 

E, F. Tooth morphotype 1 (NHMUS VER 2018.2315) in occlusal (E) and profile (F) views. 

G, H. Tooth morphotype 2 (NHMUS VER 2018.2358) in labial or lingual (G) and profile (H) 

views. I. scale (NHMUS VER 2018.2360) in lateral view. J. Scale 

(NHMUS VER 2018.2361) in lateral view. Scale bars: 500 µm. 

Fig. 9. Faunal composition of the two fossil-bearing exposures in Villány. Numbers of 

remains per taxa are interpreted here as maximum number of individuals (NISP; after Lyman, 

2008; Cannon, 2013). 
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